Five rocket (Eruca sativa Mill.) varieties and accessions were cultivated under field conditions in the Czech Republic (Central Europe) and subsequently studied for variation in morphology and yield. Two cultivation techniques (treatments) were tested during the growing seasons in 2010 and 2011: directly sown seeds in the field and plantlets cultivated in a glasshouse and later transplanted to the field. There were analysed four morphological parameters of the leaf rosette (leaf shape in outline, leaf margin, leaf apex and leaf colour), marketable yield, nonmarketable parts, and rosette radius. Plants from plantlets transplanted to the field in spring terms (April) yielded a substantially higher marketable yield and had a higher rosette radius in contrast to plants from directly sown seeds. Conversely, for the summer terms of sowing (late August, September) the direct sowing technique produced higher marketable yield in comparison with plantlets treatment. Plants cultivated from directly sowed seeds reached a marketable yield on average from 15 to 60 g per plant while transplanted plants produced on average from 10 to 49 g per plant. It is evident that cultivation of rocket under field conditions of the Czech Republic is possible and provides, when using the appropriate sowing term, more or less stable yields of marketable parts. Details on variation in yield parameters of individual varieties and accessions are presented.
Introduction
Rocket (Eruca sativa Mill.) is an annual species belonging to the mustard family (Brassicaceae). Common names include salad rocket, garden rocket, arugula (English); salatrauke (German); oruga, oruga común, eruca (Spanish), roquette (French), and rucola (Italian) (Bianco, 1995) . Rocket is a general name for plants which form rosette of brightly green divided leaves with a specific flavour. Similarly to other Brassicas, Eruca sativa contains glucosides such as allyl sulphocyanate, while its seed oil contains erucid acid (Nuez and Hernández Bermejo, 1994) .
The genus Eruca L. includes a single species Eruca vesicaria (L.) Cav. with the three infraspecific taxa: subsp. sativa (Miller) Thell., subsp. vesicaria and subsp. pinnatifida (Desf.) Emberger et Maire (Pignone and Gómez-Campo, 2011) . E. vesicaria subsp. sativa (Miller) Thell. is the only taxon with a rather wide circum-Mediterranean distribution and has been further introduced into other countries and continents. It is still frequently referred under simplified synonym E. sativa Mill. (Pignone and Gómez-Campo, 2011) .
Eruca sativa has been known since antiquity and has widely been consumed in various Mediterranean countries for the spicy-pungent flavour of the leaves (Padulosi, 1995; Padulosi and Pignone, 1997) . Rocket is eaten as a vegetable (leaves) and as a spice (leaves, seeds, flowers) (Nuez and Hernández Bermejo, 1994) . It is consumed as a raw green, as a part of salad mixes, as a cooked green, and is now very popular as a pizza topping (Padulosi, 1995; Padulosi and Pignone, 1997) . Rocket is used in many ways other than a food. On the Indian subcontinent, special ecotypes of E. sativa are cultivated for seed production and subsequent oil extraction (Bhandari and Chandel, 1997) . Rocket is believed to have aphrodisiac properties (Padulosi, 1995) . It contains glucosides, mineral salts and vitamin C and is therefore considered to be an excellent stomachic, stimulant, and is also used as a diuretic and antiscorbutic (Nuez and Hernández Bermejo, 1994) . Recent studies showed that an extract from rocket possess antisecretory, cyto-protective and anti-ulcer activities (Alqasoumi et al., 2009) .
Rocket is traditionally grown in Italy, Portugal, Egypt, and Turkey (Bianco and Boari, 1997; Mohamedien, 1995; Pimpini and Enzo, 1997; Silva Dias, 1997; Tuzel, 1995) , it has also been successfully investigated as a new crop for Indiana and US Midwest (Morales and Janick 2002; USDA, NRCS 2012) , where it can be cultivated in open field and protected areas. In the past years rocket has increasingly become popular also in the Central Europe. It
The research was carried out in the experimental field of the Crop Research Institute, Department of Genetic Resources for Vegetables, Medicinal and Special Plants, Olomouc. Yield parameters were studied during two growing seasons in the years 2010 and 2011. Two cultivation techniques (treatments) were tested: direct sowing of seeds in the field, and plantlets cultivated in a glasshouse and later transplanted to the field. Seeds for both cultivation techniques were always sown at the same time. The direct seeding treatment was performed as follows. Rocket seeds (seed sowing treatment) were sown directly in the field in furrows 70 cm long at a distance of 20 cm. Threeweek old plantlets were singled to 8 plants per furrow. Each variety (accession) was seeded in two randomly selected plots consisting of eight furrows. Rocket plantlets (plantlet treatment) were firstly cultivated in the glasshouse at ambient temperature with natural lighting four to five weeks. At the stage of four adult leaves were transplanted to the field. Each variety (accession) was planted to two randomly selected plots each of eight furrows 70 cm long at a distance of 20 cm with 8 plants per furrow.
There were planned to test spring and summer terms of cultivation in two consecutive years but weather course within respective years did not allow beginning of field sowing/cultivation in the identical terms. Rocket seeds were sown in two spring ( 
Morphological characterization and yield parameters
Rocket plants were morphologically characterized following to IPGRI Descriptor list for rocket (http:// www.ecpgr.cgiar.org/fileadmin/www.ecpgr.cgiar.org/ NW_and_WG_UPLOADS/LeafyVeg_misc/Eruca_de-scriptor_list.pdf ). The following parameters of leaf rosette were evaluated: leaf shape and margin, shape of apex and leaf colour. The leaf apex shape feature was added for precise characterization of leaf morphology because of the absence of this character in the IPGRI Descriptor list. Also rosette radius, marketable yield per plant (healthy, fully developed, brightly coloured leaves) and weight of nonmarketable leaf parts per plant were assessed.
was introduced on the market as a so-called "4 th generation" vegetable which is marketed after cleaning, leaf cutting and packaging into plastic bags to keep it fresh for a longer time-life (Padulosi, 1995) . Currently, the studies on the quality and quantity of rocket yield were conducted in Poland (Francke, 2011; Nurzyńska-Wierdak, 2006 , 2009 Nurzyńska-Wierdak, et al., 2012 a,b) , however these studies were done under glasshouse conditions with plants cultivated in pots. Only short notes on experimental rocket cultivation as an intercrop and for seed production under field conditions of the Czech Republic have been published (Hermuth et al., 2001; Moudrý and Strašil, 1999; Šimon and Strašil, 1999) . Nowadays, rocket is available in Czech supermarkets from Dutch production alone as a green or as a part of salad mixes. Despite of its high nutritional value rocket is still underestimated as vegetable in the Central Europe.
Our study was carried out to test the possibility of rocket cultivation under the ecological conditions of the Czech Republic (Central Europe), to characterize the crop for agrobotanical traits, and subsequently to offer this neglected vegetable to a broad public. The aims of this study were: (i) to summarize the most recent data on the biology and yield parameters of rocket cultivated under the conditions of the Czech Republic, (ii) to establish the most appropriate term of sowing and cultivation technique, and (iii) to select the most yielding genotype from the available stock of varieties.
Materials and methods

Plant material and cultivation
A set of five varieties and accessions was cultivated, and subsequently studied for variation in morphology and yield. Varieties of whose seed is readily available in the Czech market originated from Semo Ltd., Smržice and from Seva-Seed Ltd., Valtice. Two rocket accessions have been maintained as the plant genetic resources at Oseva Pro Ltd., Research Institute of Oilseed Crops, Opava. The passport data of the two accessions is documented in the Plant Genetic Resources Documentation System of the Czech Republic (EVIGEZ) (http://genbank.vurv.cz/genetic/resources/) and in the International Minor Leafy Vegetables Database operated by the Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) in Germany (http://documents.plant.wur.nl/cgn/pgr/minorlv/). Information on the plant material is summarized in Tab. 1. 
Data analysis
The following variables were analysed: (i) marketable yield per plant ('marketable yield'), (ii) weight of non-marketable leaf parts per plant ('non-marketable parts'), and (iii) rosette radius. Common descriptive statistics were calculated and statistical tests carried out using the Statistica 10 software (Statsoft Inc.). Data were analysed using tree-way ANOVA with cultivation technique (seed sowing vs. transplanted plantlets), date of sowing and variety (accession) as fixed, crossed factors. Each year was analysed separately. Two dates of sowing/harvest were used in the 2010 experiment. Three of four dates of sowing/ harvest were analysed in the 2011 experiment due to the absence of leaf rosettes in samples from the direct sowing treatment harvested of June 28 th of 2011. For comparison of means after significant results of ANOVA, the multiple comparisons Tukey test was used (Zar, 1996) .
Results
In the trials, running for two years, emergence of rocket plantlets takes place within 6-9 days. Basic data on morphological characteristics in individual rocket varieties (accessions) are summarized in Tab. 3. Variety A and accession F showed morphological similarity, while variety D was different from the others for characters evaluated.
In 2010, only two autumn harvests (October 14 th and December 1 st ) of basal rosettes from the summer terms of sowing were realized. Plants from the first spring sowing term were decimated by a long period of rainfalls, and plants from the second spring term flowered very early and they did not form leaf rosettes at all. Results of the 2010 experiment showed significant effect of cultivation technique, sowing date and the interaction cultivation technique × sowing date on the marketable yield, rosette radius and weight of non-marketable parts (Tab. 4). Effect of variety (accession) was non-significant, except for rosette radius. All other interactions were non-significant (Tab. 4). Marketable yield per plant, rosette radius and weight of non-marketable parts were all significantly higher in plants from the direct seed sowing treatment for both sowing dates, followed by lower values in plants from the transplanted plantlets treatment for earlier and late sowing dates (Fig. 1) . The direct seed sowing treatment always produced proportionally more non-marketable parts (> than (Fig. 1 ). Concerning the effect of variety (accession), variety C showed a higher marketable yield than accession E for the first two harvest dates, but the opposite was true for the last date(s) (Fig. 3 ).
1/2 of marketable parts) than the transplanted plantlets treatment (< than 1/3 of marketable parts), irrespective of harvest date. Concerning variety (accession), only accession E showed a significantly larger rosette radius than the others (Tab. 4, Fig. 2 (Padulosi, 1995; Padulosi and Pignone, 1997) . It can be cultivated also in temperate regions in Midwest of North America (Morales and Janick, 2002). As for as rocket cultivation in the
Discussion
Rocket is a fast growing and cool-season crop, well adapted to the Mediterranean area, but it can be success- , which is the average production per hectare in protected and open field areas. In this region the direct sowing technique is mostly used. In contrast, Varga et al. (2009) cultivated rocket in a greenhouse with a maximum yield of up to 5.14 kg×m -2 per one harvest that is fairly higher than yield obtained under the conditions of the Czech Republic.
Regarding the importance of the interaction between date of sowing and cultivation technique, plants from plantlets transplanted to the field at the end of April (spring term of sowing) had a substantially higher marketable yield and had larger rosette radius in comparison with plants from seed sowing treatment. Conversely, for the summer term of sowing, it was found that plants from seeds directly sown in the second half of August and in September showed unambiguously higher yield parameters. The lower sum of precipitation together with higher temperatures during September in both growing periods, when transplantation to the field was realised, seems to benefit the direct sowing technique. At that time, plants have already developed roots and possess an abundant root system adapted to open air conditions, in contrast to plantlets grown in a greenhouse subsequently transplanted to the field. In addition, as was mentioned above, the directly sown plants of the second sowing term on June 8 th in 2010 and the third sowing on May 2 nd in 2011, when the temperatures were rather high, bolted and flowered without rosette formation. In rocket culture, high temperatures seem to be a limiting factor for the production of green, tender leaves appropriate for human consumption.
Differences in environmental conditions between spring and summer also likely explain contrasting pattern of production of nonmarketable parts between cultivation techniques. While no significant differences in production of nonmarketable parts were found between two cultivation techniques in spring terms, plants produced from direct seed sowing produced significantly more nonmarketable parts than plants from plantlets in summer terms of sowing. Moreover, while nonmarketable parts composed less than 1/3 of yield of marketable parts in the spring terms in both treatments, transplanted plants from summer terms produced up to ½ of marketable parts and plants from seeds produced ca 1:1 nonmarketable to marketable parts yield.
The results showed that searching for the varieties with high marketable yield under the conditions of Central Europe is not an easy matter. Varieties showed no clear pattern of production of marketable parts that varied with year, date of sowing and cultivation technique. Taking into account two most productive varieties in each combination of term of sowing and cultivation technique (Figs. 2,  3 and Tab. 5), varieties A and accession E tended to be the most productive in the direct seed sowing treatment while variety C and accession D tended to be the most producCentral Europe, Francke (2011) and Nurzyńska-Wierdak (2006) pointed out a possibility of rocket cultivation under open air conditions and in unheated greenhouse. Šimon and Strašil (1999) , Moudrý and Strašil (1999) reported cultivation of rocket under open air conditions of the Czech Republic, however these trials were focussed on rocket growing as a unconventional crop for the vegetable oil production. Present study was undertaken to investigate the potential of E. sativa for cultivation as a leaf vegetable under the field conditions of the Czech Republic.
Plantlets of rocket varieties (accessions) emerged in both the greenhouse and in the field within 6-10 days. These results are consistent with the data cited by Bianco (1995) . However, Francke (2011) reported emergence of E. sativa plants 12-16 days after sowing in plots without protective cover. Market demand requires healthy, green leaves harvested before shooting and flowering. As reported by Padulosi (1995) and Padulosi and Pignone (1997) , longer days and high temperatures induce fast growth and flowering of rocket plants. That is why the term of sowing on the June 8 th in 2010 was not appropriate for the production of marketable leaf yield. Higher mean day temperatures (Tab. 2) caused early bolting and flowering. Thus the plants could not be evaluated due to the absence of fully developed leaf rosettes. Several leaves of these plants appeared to be rich in fibres and the taste was too bitter. In 2011, the same was true for the effect of late spring term on sowing on the May 2 nd in directly sown treatment and summer term of sowing (17 th August) in both cultivation treatments. Our trials confirmed that higher mean day temperatures in 2011 (average day temperatures in April, May and August were about 2°C higher in 2011 than those in 2010, Tab. 2) led to early bolting and flowering of plants without rosette formation. Therefore, the short-day growing with lower temperatures is favourable to obtain maximal leaf production of good-quality in temperate zones. The most appropriate sowing term under the warmer climatic conditions in the lower altitudes of the Czech Republic, with respect to quickness of bolting and subsequent flowering, seems to be the second half of April and late August for spring and autumn harvests, respectively.
There were found significant differences in marketable yield between plants raised from seed directly sown into the soil and transplanted plantlets in both years (Fig. 1) . Plants cultivated from sown seed reached a marketable yield on average from 15 to 60 g per plant while transplanted plants produced on average from 10 to 49 g per plant. All these values are however apparently higher than approximately 8-12 g per plant reported by Nurzyńska-Wierdak (2006 , 2009 ) from studies of yield parameters of rocket cultivated in pots in a glasshouse. For comparison with other available data on production of rocket, obtained data per unit area were recalculated (Tab. 5). It follows that the marketable yield reached in our trials is similar or even higher (depending on method of cultiva-of rocket (Padulosi, 1995; Padulosi and Pignone, 1997) . The reasons are a very limited number of varieties suiting market demand and extensive harvests in the wild for market supply resulting in destruction of natural populations. The study pointed out a possibility of rocket cultivation under open air conditions of the warmer parts of the Czech Republic in order to supply the market with locally grown vegetable. From the varieties available in the Czech market seems to be the best the variety A from Semo Ltd., Smržice and varieties C and D from Seva-Seed Ltd., Valtice.
tive in the plantlets treatment. Moreover, accession F was the least productive of marketable parts at all. Accession E also showed tendency to produce larger rosette radius in comparison with other varieties.
Before the 1990s, rocket was usually collected in the wild and was not cultivated on a large scale or researched scientifically. At the end of the 1990s, The Rocket Genetic Resources Network was formed as a project of IPGRI (Bioversity International) which contributes to the conservation and utilization of rocket germplasm as well as to the extension of genetic diversity for future improvement Tab. 5 
Conclusions
The present study has shown that rocket can be successfully cultivated under field conditions of the Czech Republic and can considerably enrich the diet of the modern Czech consumer. Our experiments: (i) have shown that in general it is possible to grow rocket under field conditions in the regions with an altitude about 200 m a. s. l., on loam and sandy-loam soil, at temperatures between 10 °C and 25 °C during the growing period, and using additional watering during dry periods; (ii) have demonstrated significant interaction between growing technique and date of sowing, i.e. plantlets treatment is preferable for spring term of sowing, while directly seed sowing is preferable for the summer term of sowing; (iii) proved that even the Czech rocket varieties have yields comparable with those of foreign varieties. At the same time, the obtained information can be applied as a background for future selection, production and industrial processing of rocket.
